We present a new experimental method for measuring the mechanical properties of nanoscale-thick materials using the free-standing membrane test. Freestanding circular membranes are centrally deflected using a spherical indenter attached to a microfabricated fixed-fixed beam device. Experiments of this type allow us to extract mechanical properties of the thin films without the complicating effects of the substrate, enabling accurate study of length scale effects. These experiments differ from previous work by testing freestanding films and by including the finite contact size of the indenter tip.
INTRODUCTION
Knowledge of the mechanical properties of thin films are important to Integrated Circuits (IC's), thin film optics, MEMS, as well as other areas. Though bulk testing of materials, and therefore bulk mechanical properties, are well established, testing of thin films is not. Many challenges exist in the testing of thin films. There are known effects of differing length scales 1 , native oxide effects 2 , residual/intrinsic stresses due to deposition/growth techniques, not to mention the added complexities due to the layering of thin films. Many investigators have studied the properties of thin films on substrates (see Kang et al 3 ) and have struggled with separating the film/substrate properties. The only way to alleviate this problem is to study freestanding films. Recent efforts have addressed this by utilizing a range of test methods, including: the uniaxial tensile test 4 , bending of a cantilevered beam 5 , and the bulge test [6] [7] . The bulge test is attractive in many respects, but pressurized testing requires nearly defect-free films (i.e. without pinholes or porosity), and therefore is not feasible for many material systems, notably polymers and porous low-k dielectrics.
Begley and Mackin recently developed a closed form solution for finite-radius contact indentation testing of free standing films, and have verified the analysis using a host of materials 8 . More recently, our group devised a methodology of testing thin circular membranes with microfabricated fixedfixed beams. This method utilizes a loading beam that is connected to a fixed-fixed beam at its midpoint. The beams are made of Single-Crystal Silicon (SCS) with known dimensions following standard microfabrication procedures. This new test system allows us to accurately determine the load applied to the circular thin membrane film as well as the deflection at the loading point. The loading beam is positioned over circular thin film membrane with a calibrated piezoelectric stage. Deflection of the beam is read from a cofabricated vernier scale and the difference between the piezoelectric stage movement and the vernier scale, provides both the applied load as well as the membrane's deflection.
EXPERIMENTAL PROCEDURE, RESULTS AND DICSUSSION
The experimental setup consists of a load frame, a freestanding circular thin film membrane, high precision translation stages, and two microscopes. Load frames and freestanding circular thin film membranes were fabricated using standard microfabrication techniques. The load frames consist of fixed-fixed beams with lengths varying from 500 -5000 µm and widths of 2 -4 µm. Freestanding circular thin films of gold were fabricated with thicknesses as small as ~90 nm and diameters as high as ~1200 µm. High-resolution stages are necessary to align precisely the free standing circular membrane and the load frame. Manual manipulation stages are used for alignment, while a piezo-actuator with a resolution of 0.9 nm is used for indentation. Two microscopes are used to simultaneously measure the displacement of the membrane and the load frame. An interferometric microscope is used to image the underside of the membrane and captures the full-field deflection of the freestanding circular thin film membrane during testing. A vernier co-fabricated with the load frame is simultaneously observed by an optical microscope to provide the deflection of the center-point of the fixed-fixed beam. The deflection of the fixed-fixed beam is then converted to a force using non-linear beam theory.
Preliminary experiments were conducted using freestanding gold membranes, where the load-displacement data were captured and compared with the recently developed model. Figure 1 is a plot of the data from an experiment. The line that runs through the data points is a least squares fit: P = mδ 3 . Where P is the applied load, m is a fitting constant (that envelopes constants, geometry, and material properties), and δ is the membrane's displacement. Membranes were loaded beyond their elastic limits to measure the yield strength as a function of membrane thickness. When loaded beyond the elastic limit, these membranes developed complex buckling fields that validate theoretical predictions.
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